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Study on thermal image measurements of high–temperature objects in steel industry 
             





































































In steel industry, steel is manufactured in a series of massive processes which 
consist of iron–making, steel–making, rolling, surface treatment and so on. Compared 
with other industries, the process measurements in the steel industry are often 
carried out under much more severe conditions such as the enormousness of the 
manufacturing facilities, high temperature, vibration and dust. Various types of 
measurements are required, such as thermometry, shape/dimension measurement, 
position detection, object recognition, velocity determination and thickness gauging. 
Among these measurements, temperature monitoring is consistently important since 
it is indispensable for process control, product quality management and energy 
conservation. The field instruments used in the steel industry are often applied to 
measurement of hot–red objects. Since the measurement technology in the steel 
industry has a long history of development, a wide variety of commercial sensors have 
been already employed. However, there is no adequate measuring means available in 
the iron–making and steel–making processes, which treat high–temperature molten 
metal. Thus it is difficult to estimate precisely the internal state of these processes. 
Without the accurate information on the state of the process, the operation of the 
process cannot help but rely on uncertain empirical knowledge. In this paper, novel 
measurement techniques mainly intended to the iron–making process are proposed.  
The measuring objects of this study are molten metals or refractories with a 
temperature of 1000°C or above. In the high–temperature range, the object emits 
thermal radiation in wavelength region from visible light to infrared according to 
Planck’s radiation law. Generally, a thermal image is obtained by an infrared camera. 
In this study, a visible–light CCD camera is utilized to obtain the thermal image, since 
in the case of hot–red materials, the change rate of spectral radiance to temperature 
significantly increases at a short wavelength. Though 2–dimensional radiation 
thermometry using a CCD camera has been studied in some technological fields, the 
method for using a CCD camera as a pyrometer has not been established. In this paper, 
a systematized method for temperature calibration of the CCD camera pyrometer is 
proposed and the uncertainty factors due to instability and non–uniformity of a CCD 
detector are figured out. The thermal image measurement using the CCD camera not 
only can capture the temperature distribution of a moving target but also enables the 
spatial configuration measurement. In this paper, two applicative researches relating 
to the thermal image measurement are described. 
 
(1) Measurement of iron–slag–mixed liquid discharged from a blast furnace 
Temperature measurement of liquid iron spouted out from a taphole of a blast 
furnace is required for process operation. To monitor temperature of liquid iron, a 
disposable immersion–type thermocouple is commonly used. It is considered that 
conventional spot–type radiation thermometry has some practical difficulties in 
measuring mixture of iron and slag, because their emissivities differ from each other 
and the mixing rate of them is unknown. In the initial stage of the study, it was found 
that iron region and slag region can be separately distinguished on a thermal image 
obtained by a high–speed CCD camera. This discovery led a new radiation 
thermometry technique that selectively detects radiation intensities from iron and 
slag. The thermal image is also utilized for the multiple measurements of iron–slag 
ratio, tapped stream diameter and velocity. An on–site experiment was conducted in 
an operating blast furnace. The experimental results exhibit some fluctuations of 
tapping which were not previously recognized. This thermal image measurement 
provides some useful information to presume the thermal condition inside the blast 
furnace. 
 
(2) Imaging diagnosis for a high temperature coke–oven wall 
Metallurgical coke, which is requisite for fuel and reducing reagent in a blast 
furnace, is manufactured in a coke oven. Most of the coke ovens in operation in Japan 
were constructed in the period of high economic growth and are now facing a severe 
problem of degradation. Diagnostic technology for the damaged firebrick wall inside 
the coke oven is needed. To examine the huge wall which is constantly sustained at 
high temperature of 1000°C, a water–cooling heat–resistance apparatus equipped with 
line CCD cameras was developed. The irregularity measurement method which is 
performed in conjunction with the imaging was considered. The data obtained by the 
apparatus brought extremely useful knowledge. The aspect of the damaged wall 
became apparent, and the harmful effect of the wall unevenness was quantitatively 
clarified. As the result, the maintenance technology was notably improved and the 
lifetime of the aged coke ovens will be extended. The heat–resistant structure of the 
sensing system created through this study can be applied to various measurements in 
a high–temperature environment.  
 
This study actualized the valuable instrument technologies in the field of the 
iron–making as mentioned above. 
Continuous temperature measurement of molten steel in a converter is another 
application of the imaging thermometry. The difficulty of the narrow and fluctuating 
field of view of an observing nozzle was overcome. In the experiment conducted at a 
blast–furnace tuyere, it was confirmed that a color CCD camera can be used as a 
two–color radiation thermometer. The thermal image measurement established in this 
study can be widely applied in the high–temperature industries.  
